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[57] ABSTRACT 
In an apparatus for liquid chromatography the improve 
ment which comprises a chromatographic column 
packed with a solid packing material comprising porous 
silica gel particles, having a speci?c surface area of 5 to 
1500 mZ/g. an average pore diameter of 20 to 2000 A 
and a crosslinked polymer selected from the group 
consisting of polystyrene, sult'onated polystyrene, poly 
methyl methacrylate and polyacrylonitrile coating the 
surface of the ?ne holes of the porous silica gel particles 
in an amount of 5 to 50 wt.% of the polymer to silica gel 
particles, wherein said crosslinked polymer does not 
contain any extractable polymer. 

9Claima,9DrawingFigures 
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SOLID SUPPORT FOR LIQUID 
CHROMATOGRAPHY 

This is a division of application Ser. No. 695,052 now 
abandoned, ?led June 11, 1976. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a process for prepar 

ing a solid support for liquid chromatography. ' 
2. Description of the Prior Art ' 
Inorganic porous materials such as silica, alumina, 

diatomaceous earth and the like have been used as solid 
supports for liquid chromatography. However, in ac 
cordance with the requirement of high speed for the 
liquid chromatography, various solid supports such as 
ones having a glass bead core and a porous silica surface 
layer and coating or chemically bonding an organic 
material onto said inorganic porous surface carrier, 
inorganic porous carrierand other organic polymer 
gels, have been developed and widely ,used. 
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20 

The solid supports prepared by coating or chemically ‘ 
bonding an organic compound onto ‘inorganic porous 
carriers or said inorganic porous surface carriers, and 
organic polymer gels have been used for partition chro 
matography. These solid supports have advantages and 
disadvantages. The solid support prepared by coating 
or chemically bonding an organic material onto an inor 
ganic porous carrieror an inorganic porous surface 
carrier, have the disadvantages that a precolurnn is 
needed, the mediums suitable for the mobile phase are 
limited and the types of organic materials suitable for 
chemically bonding is small. On the other hand, organic 
polymer gels have'the disadvantage‘ of a high degree of 
swelling. - 

SUMMARY OF THE INVENTION, 
It is an object of the present invention to provide a 

process for preparing a solid support for liquid chroma 
tography which has high separating power, a low de 
gree of swelling, increased sample load and wherein no 
extraction of the polymer on the solid support occurs. 

This and other objects of the present invention have 
been attained by preparing a solid support for liquid 
chromatography which comprises impregnating a po 
rous inorganic particles having a specific surface area of 
5 to 1500 mz/g, an average micropore diameter of 20 to 
2000 A and a particle diameter of 1 pm. to 1 mm with a 
free radical polymerizable monomer, a crosslinking 
agent and a free radical polymerization initiator; poly 
merizing the monomer with- crosslinkage and extracting 
the soluble polymer to form a crosslinked polymer at a 
ratio of 5 to 50 wt.% based on the inorganic particles. 
The porous inorganic particles are selected from the 
group consisting of silica, alumina, zeolite, porous glass 
and carbon gel. It is possible to introduce functional 
groups into the organic polymer of the solid support. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Typically, the solid supports are prepared as follows. 
The free radical polymerizable monomer, a conven 
tional free radical polymerization initiator and a cross 
linking agent are adsorbed onto the surface of silica, 
alumina, zeolite, porous glass or carbon gel and cross 
linking polymerization of the monomer is conducted in 
a nitrogen atmosphere or in a vacuum. After the poly 
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2 
merization, the extractable materials are extracted with 
a suitable solvent to remove them. The free radical 
polymerizable monomers used in the preparation in 
clude vinyl monomers such as styrene, vinyl acetate, 
vinyl chloride, acrylonitrile, acrylic acid, methyl acry 
late, etc.; vinylidene monomers such as methyl methac 
rylate, methacrylonitrile, vinylidene chloride, etc.; the 
diene monomers such as butadiene, chloroprene and the 
other free radical polymerizable monomers. The cross 
linking agents include divinyl compounds such as divi 
nyl benzene, 1,5-hexadiene-3-yne, hexatriene, divinyl 
ether, divinylsulfone, etc. and diallyl compounds such 
as allyl phthalic acid, 2,6-diacrylphenol, diallyl carbi 

. nol, etc. The monomers can be selected so as to prepare 
solid supports having various groups. This is a remark 
able advantage of the invention. 
The polymerization initiators can be conventional 

free radical initiators which include organic peroxides 
such as diacyl peroxides such as lauroyl peroxide, ben 
zoyl peroxide, acetyl peroxide, etc.; alkyl peroxides 
such as dicumyl peroxide, di-tert-butyl peroxide; per 
oxy esters such as tert-butyl peroxybenzoate, tert-butyl 
peroxyoctoate, tert-butyl peroxyazelate, tert-butyl 
peroxyisobutylate, tert-butyl peroxypivalate, etc., and 
azo compounds such as azobisisobutyronitrile, 
azobisisovalero nitrile, etc. The amount of the polymer 
ization initiator is usually in the range of 1 to 15 wt.% 
based on the monomer. Although the amount of poly 
merization initiator is about 0.1 wt.% to the monomer in 
the conventional polymerization, it is necessary to add a 
large excess, such as more than 1 wt.%, of the polymeri 
zation initiator. It is considered that when the polymeri 
zation initiator is dissolved in the monomer and is ad 
sorbed on the inorganic particles, the polymerization 
initiator is nonuniformly adsorbed and is locally distrib 
uted. When the amount of the polymerization initiator is 
less than 1 wt.%, the polymerization velocity is exceed 
ingly slow. The amount of the crosslinking agent can be 
more than 1 wt.% to the monomer. When the amount of 
the crosslinking agent is too small, the ratio of cross 
linked polymer decreases thereby _ increasing the 
amount of the polymer extracted from the solid support 
in the extraction step. When the amount of the cross 
linking agent is too large, the functional properties, such 
as polarity, hydrophilic property, which are derived 
from the monomer are too low. Accordingly, the 
amount of the crosslinking agent is preferably in the 
range of 2 to 20 wt.% based on the monomer. However, 
the crosslinking agent itself is a monomer. Accordingly, 
if the crosslinking agent used is a monomer having the 
desired properties, it is possible to use only the cross 
linking agent without using any other polymerizable 
monomer. 

The polymerization is usually conducted at 20° to 
150° C, preferably 50° to 80° C. 
When the amount of the crosslinked polymer adhered 

on the inorganic solid support is not enough, the separa 
tion of a sample is not satisfactory. On the other hand, 
when it is too much, the micropores of the inorganic 
particles are closed whereby the separation of a sample 
is not satisfactory. Accordingly, in order to obtain satis 
factory sample separation it is necessary to control the 
amount of the crosslinked polymer. The optimum 
amount of the crosslinked polymer is dependent upon 
the type of inorganic particle. When inorganic particles 
having a large speci?c surface area are used, the opti 
mum amount of the crosslinked polymer is large. When 
the inorganic particles having relatively small speci?c 
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surface area are used, the optimum amount of the cross 
linked polymer is relatively small. Typically the amount 
of the crosslinked polymer which is not extracted with 
a solvent, including the crosslinking agent and the poly 
merization initiator, is preferably in the range of 5 to 50 
wt.% based on the amount of the inorganic particles. 
The solid support of the invention is a porous parti 

cles having an average speci?c surface area of 3 to 1000 
mZ/g, an average micropore diameter of 10 to 1900 A 
and a particle diameter of 1 pm to 1 mm. The amount of 
crosslinked polymer is usually controlled depending 
upon the amount of the adsorbed monomer, crosslink 
ing agent and the polymerization initiator. 
As stated above, the solid support of the invention 

can have the desired functional group on the surface 
thereof by selecting the proper monomer used for the 
crosslinking polymerization. When it is dif?cult to poly 
merize a monomer having the desired functional group 
with crosslinkage or there is no monomer having the 
desired functional group, it is possible to introduce the 
desired functional group into said crosslinked polymer 
by a chemical reaction. For example, when a solid sup 
port for liquid chromatography which has SO3H group 
is desired, styrene is_ polymerized with crosslinkage on 
the porous inorganic particles and then sulfonation of 
the product is conducted. It is also possible to prepare a 
solid support having special separation ability andpchar 
acteristics by polymerizing two or more monomers 
.with crosslinking. Typically, a solid support having 
high separation ability can be prepared by forming a 
smaller sized and spherical shaped particle compared 
with irregular shaped particles. It is preferable to use 
inorganic particles having a spherical shape and an 
average a diameter of 5 to 50 p, when a solid support 
having high separation ability is needed. 
The solid support of the present invention has charac 

teristics such as high mechanical strength and low 
swelling property to many solvents. The solid support 
of the invention has a large speci?c surface area 
whereby the sample load can be increased, and the 
types of solvents are not limited because the crosslinked 
polymer is not dissolved by the solvents. 
Having generally described the invention, a more 

complete understanding can-be obtained by reference to 
certain speci?c examples, which are included for pur 
poses of illustration only and are not intended to be 
limiting unless otherwise speci?ed. 

EXAMPLE I 

A mixture of 3.0 g of styrene monomer, 0.2 g of divi 
nylbenzene and 0.1 g of tert-butyl peroxide was uni 
formly adsorbed on 10 g of silica gel having a speci?c 
surface area of 320 mz/g (particle diameter of 20 to 25p.) 
in a vacuum and was polymerized at 70° C for 10 hours 
with shaking. After the polymerization, the extractable 
components were extracted with benzene in a Soxhlet’s 
extractor for about 40 hours to obtain the solid support. 
After the extraction, the product was dried and the 
polymer addition ratio was determined by the following 
equation to be 29%. 

non-extracted Elymer (g) 
silica gel (3) X '00 Polymer addition ration (%) = 

The solid support was packed in a column having a 
length of 1 foot and separation of a sample containing 
phenol, benzene, naphthalene and anthracene was con 
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4 
ducted using methanol as the solvent.,The separation 
chart is shown [in FIG. 1. ' , . 
For comparison, the separation of the same sample 

was conducted using an untreated silica gel as the solid 
support and the result is shown in FIG. 2 wherein the 
length of column, the solvent, the flow rate and the 
sample are same as those of FIG. 1. It is clear from 
FIGS. 1 and 2, that the four components were separated 
in high degree by using the crosslinked polymer coated 
silica gel, though no separation was found by using the 
untreated silica gel. 

EXAMPLE 2 

A mixture of 3.5 g of methyl methacrylate 0.35 g of 
divinylbenzene and 0.2 g of azobisisobutyronitrile was 
uniformly adsorbed on 10 g of silica gel having a spe 
ci?c surface area of 320 m2/ g (particle diameter of 20 to 
25p.) in a vacuum, and was polymerized at 70° C for 24 
hours with shaking. After the polymerization, the ex 
tractable components were extracted with acetone in a 
Soxhlet’s extractor for about 40 hours to obtain a solid 
support. After the extraction, the product was dried and 
the polymer addition ratio was determined to be 37%. 
The solid support was packed in a column having a 
length of 1 foot and separation of a sample containing 
benzophenone, acetophenone and benzyl was con 
ducted using methanol as the solvent. The separation 
chart is shown in FIG. 3. For comparison, the separa 
tion of the same sample was conducted by using un 
treated silica gel as the solid support and the result is 
shown in FIG. 4, wherein the length of column, the 
solvent, the ?ow rate and the sample are same as those 
of FIG. 3. It is clear from FIGS. 3 and 4, that the three 
components were separated in high degree by using the 
crosslinked polymethylmethacrylate coated silica gel, 
though no separation of benzophenone, acetophenone 
and benzyl was found by using the untreated silica gel. 

EXAMPLE 3 

A mixture of 1.4 g of styrene, 0.15 g of divinylben 
zene and 0.15 g of tert-butyl peroxide was uniformly 
adsorbed on 10 g of alumina having a speci?c surface 
area of 160 mz/g (particle diameter of 30p) in a vacuum, 
and was polymerized at 70° C for 20 hours with shak 
ing. After the polymerization, the extractable compo 
nents were extracted with benzene in a Soxhlet’s extrac 
tor for about 40 hours to obtain a solid support. After 
the extraction, the product was dried and the polymer 
addition ratio was determined to be 15%. The solid 
support was packed in a column having a length of 1 
foot and separation of a sample containing benzene, 
naphthalene and anthracene was conducted by using 
methanol as the solvent. The separation chart is shown 
in FIG. 5. For comparison, the separation of the same 
sample by using a untreated alumina as the solid support 
and the result is shown in FIG. 6 wherein the length of 
column, the solvent, the ?ow rate and the sample are 
same as those of FIG. 5. It is clear from FIGS. 5 and 6, 
that the three components were separated in high de 
gree by using a crosslinked polystyrene coated alumina, 
though no separation of benzene, naphthalene and an 
thracene was found by using the untreated alumina. 

EXAMPLE 4 
A mixture of 3.0 g of acrylonitrile 0.3 g of divinylben 

zene and 0.3 g of tert-butyl peroxide was adsorbed on 10 
g of silica gel having a speci?c surface area of 320 mZ/g 
(particle diameter of 20 to 25p.) in a vacuum, and was 
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polymerized at 70° C for 20 hours with shaking. After 
the polymerization, the extractable components were 
extracted with N,N'-dimethylformamide in a Soxhlet’s 
extractor for about 40 hours to obtain the solid support. 
After the extraction, the product was dried and the 
polymer addition ratio was determined to be 31%. The 
solid support was packed in a column having a length of 
1 foot and the separation of quinone, na'phthoquinone, 
benzanthr'aquinone was conducted by using methanol 
as the solvent. The separation chart is shown in‘ FIG. 7. 
For comparison, the separation of the same sample was 
conducted using untreated silica gel as the solid support 
and the result is shown in FIG. 8 wherein the length of 
column, the solvent, the ?ow rate and the sample are 
same as those of FIG. 7. It is clear from FIGS. 7 and 8, 
that the three components were separated in high de 
gree by using the crosslinked polyacrylonitrile coated 
silica gel, though no separation of quinone, naphtho 
quinone and benzanthraquinone was found by using the 
untreated silica gel. 

EXAMPLE 5 

The crosslinked polystyrene coated silica gel of Ex 
ample l was treated with 10% fuming sulfuric acid at 
40° C for 60 minutes to introduce sulfonic groups. The 
resulting solid support had an ion-exchange capacity of 
1.8 meg/g. The solid support was packed in a column 
having a length of 50 cm and the separation of amino 
acids was conducted. The results are shown in the chart 
of FIG. 9 wherein 6 types of amino acids, aspartic acid, 
threonine, glutamic acid, glycine and alanine are sepa 
rated in high degree. 

EXAMPLE 6 

The swelling degrees of the solid supports of Exam 
ples l and 2 were tested. For comparison, the swelling 
degrees of the untreated gel and polymer gel (styrene 
divinylbenzene copolymer) were also tested. Acetone 
and tetrahydrofuran (THF) were used as the solvents. 
The results are shown in Table l. The swelling degree 
is given by swelled gel (ml)/dried gel (ml). 

Table l 
Swelling degee 

Solid support Acetone Tl-IF 

Silica gel 1.0 1.0 
Polystyrene coated silica gel L1 1.1 
Polymethylmethacrylate 
coated silica gel 1.1 1.1 
Polymer gel L7 2.0 

It is clear that the solid support of the invention had 
remarkably low swelling degree comparing with that of 
polymer gel. 

EXAMPLE 7 

The speci?c surface area of the solid supports of 
Examples 1, 2 and 4 were measured by B.E.T. method. 
For comparison‘, the speci?c surface area of silica gel 
was also measured. The results are shown in Table 2. 

Table 2 
Solid Support Speci?c Surface Area 

Silica gel 320 mZ/g 
Polystyrene coated silica gel 170 " 
Polymethylmethacrylate coated 
silica gel 130 " 
Polyacrylonitrile coated I, 
silica gel 160 
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As it is clear from the Table 2, the solid supports coated 
with the crosslinked polymers had relatively large spe 
ci?c surface area. 

BRIEF DESCRIPTION‘, OF DRAWINGS 
A more complete appreciation of the invention and 

many of the attendant advantages thereof will be 
readily attained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw 
ings, wherein: 
FIGS. 1 to 9 show charts of chromatographs result 

ing from the use of the solid supports for liquid chroma 
tography prepared by the examples and the compari 
sons. The values at each time (minutes) from the injec 
tion of each sample are given in the charts. 
Having now fully described the invention, it will be 

apparent to one of ordinary skill in the art that many 
changes and modi?cations can be made thereto without 
departing from the spirit or scope of the invention as set 
forth herein. 
What is claimed as new and intended to be covered 

by Letters Patent is: 
1. A solid packing material for liquid chromatogra 

phy prepared by the process which comprises impreg 
nating inorganic, porous particles having a speci?c 
surface area of 5 to 1500 m /g, an average pore diame 
ter of 20 to 2000 A and a particle diameter of l p. to 1 
mm with a free radical polymerizable monomer, se 
lected from the group consisting of styrene and acrylo 
nitrile, a crosslinking agent and a free radical polymeri 
zation initiator; polymerizing the monomer and cross 
linking agent with crosslinkage; and extracting any 
soluble polymer to form a crosslinked polymer on and 
in the inorganic particles, the crosslinked polymer being 
present in an amount from 5 to 50 wt.% based on the 
inorganic particles. 

2. The‘ solid packing material of claim 1 wherein the 
crosslinking agent is the free radical polymerizable 
monomer. 

3. The solid packing material of claim 1, wherein the 
free radical polymerization initiator is added at a ratio 
of more than 1 wt.% to the free radical polymerizable 
monomer. 

4. The solid packing material of claim 1, wherein a 
mixture of the free radical polymerizable monomer, the 
crosslinking agent and the free radical polymerization 
initiator is adsorbed on the pores of said silica gel parti 
cles in a vacuum to impregnate it. 

5. The solid packing material of claim 1, wherein the 
noncrosslinked polymer is extracted after the free radi 
cal polymerization with a solvent for the noncross 
linked polymer. 

6. The solid packing material of claim 1, wherein said 
monomer is styrene and the crosslinking agent is a divi 
nyl compound or diallyl compound. 

7. In an apparatus for liquid chromatograhy the im 
provement which comprises a chromatographic col 
umn packed with a solid packing material comprising 

60 porous silica gel particles, having a speci?c surface area 

65 

of 5 to 1500 mZ/g, an average pore diameter of 20 to 
2000 A and a crosslinked polymer selected from the 
group consisting of polystyrene, sulfonated polysty 
rene, and polyacrylonitrile coating the surface of the 
?ne holes of the porous silica gel particles in an amount 
of 5 to 50 wt.% of the polymer to silica gel particles, 
wherein said crosslinked polymer does not contain any 
extractable polymer. 
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8- A ‘solid Packing materiaifjol' liquid chl'omatogfa' particles in' an amount of 5 to 50 wt.% of the polymer to 
Phy which compmes Porous slhca gel Particles’ havmg silica gel particles, wherein said crosslinked polymer 
a speci?c surface area of 5 to 1500 mZ/g, an average d t t . t t bl I m r 
pore diameter of 20 to 2000 A and a crosslinked poly- Des no cor} am a"? ex me i‘ 6 p0 e ' . . 
mer selected from the group consisting of polystyrene, 5 91:“ sohd Pa°km§mate"_a1°f°1a‘m 8’ where!“ Sald 
sulfonated polystyrene, and polyacrylonitrile coating crosslmked Polymer 15 crosslmked Polystyrene 
the surface of the ?ne holes of the porous silica gel " * “ * * - 
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